A confirmatory method has been developed to allow for the analysis of fourteen prohibited medicinal additives in pig and poultry compound feed. These compounds are prohibited for use as feed additives although some are still authorised for use in medicated feed. Feed samples are extracted by acetonitrile with addition of sodium sulphate. The extracts undergo a hexane wash to aid with sample purification. The extracts are then evaporated to dryness and reconstituted in initial mobile phase. The samples undergo an ultracentrifugation step prior to injection onto the LC-MS/MS system and are analysed in a run time of 26 minutes. The LC-MS/MS system is run in MRM mode with both positive and negative electrospray ionisation. The method was validated over three days and is capable of quantitatively analysing for metronidazole, dimetridazole, ronidazole, ipronidazole, chloramphenicol, sulfadiazine, sulfamethazine, dinitolimide, ethopabate, carbadox and clopidol. The method is also capable of qualitatively analysing for tylosin, virginiamycin and avilamycin. A level of 100 µg kg -1 was used for validation purposes and the method is capable of analysing to this level for all the compounds. Validation criteria of trueness, precision, repeatability and reproducibility along with measurement uncertainty are calculated for all analytes.
Introduction
The use of many antibiotics, coccidiostats and antibacterial growth promoters as feed additives has been prohibited in Europe since 2006 by Commission Recommendation 2005/925/EC. This recommendation lists medicinal substances that should be monitored and the substances are divided into two groups; medicinal substances authorised as feed additives for certain animal species or categories and medicinal substances no longer authorised as feed additives. This paper focuses on the analysis of the second group of medicinal substances specifically antibacterial growth promoters (AGPs) which are no longer authorised as feed additives; this group consists of various different types of compounds. Nitroimidazoles and chloramphenicol are banned for use in food producing animals. Other AGPs which include virginiamycin and tylosin are prohibited for use as feed additives. Finally some compounds such as sulfonamides are only permitted for use in medicated feed.
The structures for all fourteen analytes are presented in Tables 1a and 1b. Nitroimidazoles and chloramphenicol are classified as prohibited substances in table 2 of Commission Regulation 2010/37/EC and therefore prohibited for the use in animal husbandry. As a result these should not be found in animal feeds. While there are single class methods for the analysis of some of compounds [Vincent et al., 2008; Galarini et al., 2009; Pecorelli et al., 2003; Barbosa et al., 2007; van Holthoon et al., 2010] there are very few published methods for nitroimidazoles and chloramphenicol in animal feed. Capitan-Vallvey et al., 2007 describes a method for the analysis of nitroimidazoles in feed by LC-MS and Vinas et al., 2006 describes a method for chloramphenicol in feed by LCphoto diode array detector. The use of 5 AGPs including tylosin and virginiamycin were prohibited for this use in Council Regulation 2821/98. As a result there are some published methods for the analysis of these compounds. Van Poucke et al. described a method for the analysis of tylosin and virginiamycin in feed by LC-MS/MS [Van Poucke et al., 2003 Van Poucke et al., 2005 and Civitareale et al., 2004 describes a method for the analysis of tylosin by LC-UV/DAD. Other medicinal additives listed in 2005/925/EC also have LC methods for their analysis such as clopidol/nicarbazin [Dusi et al., 2000] , amprolium/ethopabate [Tan et al., 1996] and carbadox [Kesiunaite et al., 2008; Hutchinson et al., 2005] while for compounds such as dinitolimide no a Dublin Institute of Technology, School of Chemical and Pharmaceutical Sciences, Kevin Street, Dublin 8, Ireland b State Laboratory, Young's Cross, Backweston Campus, Backweston, Celbridge, Co. Kildare, Ireland. Fax: (SIMBAG-FEED study) suggested that methods be able to identify compounds to at least 5 times lower than the lowest contents formerly described in the Directive 70/524/CEE. In many cases this was around the 1ppm range [de Jong, 2005] . To aid compliance with Commission Recommendation 2005/925/EC there is a need for an efficient sensitive multi-class method to analyse for as many of the analytes listed in this recommendation as possible. To this end; this paper describes the analysis of 14 of these prohibited medicinal additives at 100 µg kg -1 levels in pig and poultry compound feed by LC-MS/MS utilising a small sample size of 2 g and an efficient sample extraction procedure. was AnalaR grade and purchased from Acros (Geel, Belgium). Individual stock standards of each analyte ranging between 0.25-1.00 mg ml -1 in ethanol were prepared and stored at 4˚C. A working standard solution (mixture of analytes) (10 ug mL -1 ) was prepared in acetonitrile and stored at 4º. Internal standards were prepared similarly except mixed standard was 200 ng mL -1 .
Materials and Methods

Chemicals and Reagents
Instrumentation
The LC-MS/MS system was a TSQ Quantum Ultra EMR coupled to a Finnigan Surveyor LC system. The instrument was controlled by Xcalibur software (Version 1.5). Separation was achieved using a (100 ´ 2)mm, 3mm particle size, Luna C18 column (Part No. 00D-4251-B0) protected by a Security Guard guard cartridge system (20´2)mm, both supplied by Phenomenex. The oven temperature was set at 40ºC. The chromatographic separation was performed in gradient mode using water acidified with 0.2% acetic acid (mobile phase A) and acetonitrile acidified with 0.2% acetic acid (mobile phase B), at a flow rate of 0.25mL min -1 . The initial conditions from 0-6min were 85% A. This was changed to 50% A over 2 minutes from 6-8min and was maintained until 10 min. The conditions were changed again to 10% A over 2 minutes from 10-12 min and these were maintained until 15.20 min. Finally the conditions returned to 85% A over 2.8 minutes from 15.20-18min and were maintained until the end of the run at 26min. Electrospray ionisation (ESI) was used in the MS with both positive and negative ionisation mode, with a spray voltage of 4350V and a cone temperature of 325 ºC. The individual precursor and products ions for each analyte with their respective collision energies are listed in Tables 1a and 1b.
Pig and Poultry Compound Feed Samples
Different varieties of pig and poultry compound feed were sourced from various feed mills. These were milled upon receipt to 1mm using a Retsch SM 100 mill and stored in amber jars at 4ºC. Portions of these samples were analysed and those found to contain no detectable residues of the analytes of interest except for residues of sulfadiazine were used as blanks for the validation study.
To ensure true robustness of the method a high number of different feed samples were used in validation. These included 18 different pig feeds and 18 different poultry feeds. Chromatograms of blank feed can be seen in Figure  1b .
Extraction
Feed (2 g) was weighed into polypropylene centrifuge tubes (50 mL). The sample was fortified with mixed internal standard (50 µL) which corresponds to a concentration of 250 µg kg -1 of internal standard in the feed material. To this acetonitrile (12 mL) was added and the tubes were vortexed (20 secs). Anhydrous sodium sulphate (3.5 g) was added to this slurry which was shaken (30 mins) and centrifuged (5100rpm for 20 min). The organic layer was transferred to a clean polypropylene tube (15 mL) and evaporated at 50ºC to 6 mL under nitrogen. Hexane (5 mL) was added and the tubes contents were vortexed (30 secs) and centrifuged (3750 rpm for 20 min). The hexane layer was discarded and the extracts were evaporated to dryness at 50ºC under a nitrogen stream. The extract was reconstituted in water: acetonitrile (85:15, 800 µL) and vortexed thoroughly for 45 secs. The sample underwent an ultracentrifugation step at 13750 rpm for 30 mins. This centrifugation step separated the sample into two distinct layers. 200 µL of the clear lower layer (containing the analytes) was transferred into an LC-MS vial. An aliquot (20 µL) was injected onto the LC column.
Matrix Extracted Calibration Curves
Quantitation was carried out using matrix extracted calibration curves. Blank pig and poultry feed samples were used. These samples were fortified with mixed working standard and submitted to the full extraction procedure. Matrix extracted calibration curves were performed with every batch. Six different feed samples are fortified with internal standard and mixed working standard yielding a calibration range of 0 to 1000 µg kg -1 for all the 11 quantitation analytes. Calibration curves were prepared by plotting the response factor (the ratio of peak area analyte over peak area of internal standard) against analyte concentration. Five internal standards were used; d3-DMZ, d3-RNZ, d3-IPZ, d5-CAP and Sulfaphenazole. For those compounds for which no suitable deuterated internal standard could be acquired; MNZ, CLOP, DIN, ETHO and CAR, d3-DMZ was used as an internal standard. For each analyte; calibration curves were linear in the given range with a correlation coefficient of at least 0.98. In the case of the 3 qualitative analytes, TYL, VIR and OLA no suitable internal standard could be found. This resulted in poor linearity as matrix effects could not be corrected for in a repeatable manner. For these analytes six different feed samples were fortified; one at 0 µg kg -1 and five at the 100 µg kg -1 . d3-DMZ was used as an internal standard for these in order to compensate for any extraction errors. Several method validation parameters were determined including linearity, specificity, trueness, precision (repeatability and within-laboratory reproducibility). Specificity was determined by analysing a number of different blank animal feed samples sourced from different mills. To investigate the linearity of the method, matrixextracted calibration curves were prepared and run with each of the validation batches to give 6 point calibration curves in the range of 0 to 1000 µg kg -1 for all eleven quantitation analytes. To ensure linearity across the range of different feed samples that could be encountered for these species a different type of feed alternating between pig and poultry was used for each calibration point.
Since no certified reference materials were available for the analytes and matrices of interest, the trueness from fortified negative samples was measured as an alternative to trueness. The trueness and precision of the method were determined through the analysis of negative pig and poultry compound feed fortified in six replicates at 100 µg kg -1 , 500 µg kg -1 and 1000 µg kg -1 with the eleven quantifiable analytes for a total of 18 samples. This was repeated on three separate days. For the three qualititative analytes all 18 samples were fortified at 100 µg kg -1
. The type of feed was varied for each of the six replicates in ordered to ensure that the method was fully fit for purpose. From these three separate validation days an estimation of trueness, precision (repeatability and within-laboratory reproducibility) and LC-MS/MS confirmatory criteria were all evaluated.
Results and Discussion
LC-MS/MS Optimisation
The LC-MS/MS method was developed to provide confirmatory data for the analysis of 14 antibiotics in pig and poultry compound feed. The MS/MS fragmentation conditions were investigated and collision energies were optimised for each individual compound to give best response. For a method to be deemed confirmatory under Commission Decision 2002/657/EC it must yield 4 identification points. In this method a precursor ion (parent mass) and two product ions (corresponding to strong and weak ion) were monitored for each analyte (Tables 1a and  1b ). This yielded 4 identification points (1 for the precursor ion and 1.5 for each product ion) hence it can be deemed a confirmatory method. In addition to this relative retention times and ion ratios were monitored for each compound and evaluated to ensure that they are within acceptable ranges as stated in CD 2002/657/EC. As this method involved positive and negative ionisation switching the MS/MS method had to be segmented. The LC gradient was optimised in order to have as an efficient run time as possible in order to allow successful segmentation of the MS/MS method. Only when the positive and negative ionisation switching was isolated to one segment was there enough data points for each peak. Lowering scan time and dwell time of the instrument was not sufficient to achieve this. For a method to achieve reliable quantitation each analyte peak should have at least 10-12 data points. The LC gradient along with segmentation permitted for the analysis of all 14 analytes in a complete run time of 26 minutes with each peak having a minimum of 12 data points.
Sample Extraction Development
The development of the extraction method faced two major obstacles; one the need to extract a wide variety of analytes with a single extraction and the other the need to purify the sample sufficiently without losing the analytes in question. A variety of extraction solutions including water, acetonitrile and methanol and various mixtures of the three were tested. Immediately it was visibly evident that methanol and water extracted far more matrix contaminants than acetonitrile and this resulted in lower recoveries for the analytes using these extraction solvents. It was also observed that acetonitrile consistently extracted the broad range of analytes therefore acetonitrile was chosen as the extraction solvent. The next stage was to sufficiently clean up the acetonitrile extract in order to determine down to the levels of interest. The use of anhydrous sodium sulphate in sample clean up when extracting these analytes has been previously seen. [Stubbings et al., 2009] . Hence the use of anhydrous sodium sulphate was investigated followed by addition of a hexane wash step. This purification procedure sufficiently removed background interferences resulting in the fact that a SPE clean-up step was not needed. The purification was completed when the reconstituted extract underwent an ultracentrifugation step. This removed further interferences and also allowed all analytes to be determined at levels in the µg kg -1 range.
Internal Standard Selection
While the extraction method allowed all analytes to be seen in the µg kg -1 range the variability in sample recovery was noticeable from feed sample to feed sample. To overcome this problem the sourcing of suitable internal standards was pursued. In some cases deuterated analogues were available for the analytes such as d3-DMZ, d3-IPZ, d3-RNZ and d5-CAP. These corrected well for all variabilities encountered in extraction. Sulfaphenazole is a sulphonamide and it has been used as an internal standard for sulfonamides in previous work [McDonald et al., 2009] . This was used for SDZ and SMZ compounds and corrected sufficiently for them. Erythromycin was tried for use with VIR, TYL and AVIL but did not correct consistently well for them. As a last attempt the internal standards used for other compounds were used for the remaining compounds without internal standards. It was observed that d3-DMZ extracted consistently and as a result could be used as an internal standard for CLOP, CAR, DIN and ETH. This allowed for eleven compounds to be analysed quantitatively. For the remaining three compounds VIR, TYL and AVIL no suitable internal standard could be identified. Therefore the method could only be used as a qualitative extraction method for these compounds.
Validation Approach Selection
As of yet no official EU validation protocol exists for the analysis of veterinary drugs in animal feed. Therefore a validation protocol was designed in order to best show that the method was fit for purpose. It was seen in development the variability due to the matrix feed is significant. In order to prove that the method would extract all analytes in a wide range of pig and poultry compound feed it was decided that feed samples would be varied as much as possible. For each of the calibration curve points a different feed would be used on each validation day to ensure linearity held through for all feeds. Eighteen samples were analysed on each day of the three validation days containing six different types of animal. A level of 100µg kg -1 was chosen as a reporting level and this is significantly lower for the majority of the analytes presented in this paper than observed in previous methods. SIMBAG study suggested levels around 1000 µg kg -1 but it was felt that as these compounds are banned they should not be present at any level. These compounds are prohibited for use as feed additives and therefore these compounds should not be present at any level and therefore the ALARA (as low as reasonably achievable) principle was adopted. Work carried out prior to validation indicated that a level of 100µg kg -1 was achievable. This was chosen as it was felt that the method could be used to determine this level on a routine basis for all analytes. For the three qualitative analytes TYL, VIR, OLA it was decided that all eighteen samples on the three different days would be fortified at the reporting level of 100 µg kg -1 . The measurement of uncertainty for each analyte would be calculated and added onto the 100 µg kg -1 level and give us a value above which would result in a positive. For the eleven quantitative analytes a different approach was taken. The eighteen samples on the three days would be made up of six replicates of 100, 500 and 1000µg kg -1 . This was done in order to validate the method over the complete calibration range for which positive results might be obtained. Specificity, trueness, precision (repeatability and within-laboratory reproducibility); along with confirmatory criteria laid out Commission Decision 2002/657 were determined during validation.
Specificity
The technique of LC-MS/MS itself offers a great deal of specificity and selectivity. To establish the specificity and selectivity of the method 18 blank pig and poultry compound feed samples and samples fortified with all 14 analytes were analysed over the 3 validation days. All blank samples showed no interfering peaks in the area of interest for any of the analytes except for sulfadiazine. This is as a result of low levels of sulfadiazine found in the majority of feed samples available. Sulfadiazine is still permitted to be used in medicated feed and this might possibly be the reason for low levels been found in the feed. In order to correct for this, the feed samples were analysed prior to validation and the response observed for SDZ was subtracted from the results achieved during the validation procedure. Although this corrected the results somewhat, the variability in the background sulfadiazine resulted in worse validation results for this compound than the others. Chromatograms of blank feed and feed fortified at 100 µg kg -1 for each of the fourteen analytes are seen in Figure 1a and 1b.
Linearity of Response
The linearity of the chromatographic response was tested with matrix extracted calibration curves using six calibration points in the range of 0-1000µg kg -1 for all eleven quantitative analytes on each of the validation days. The regression coefficients for all the analytes on each of the validation days in were greater than 0.98.
Ion Ratios
Two transition ions were monitored for each of the fourteen analytes. The most intense was used for quantitation. Ion ratios were calculated for all analytes. The ion ratio is a ratio of ion responses. The ratios of weak ion responses/strong ion responses are presented in Table 2 . All ion ratios of samples were within tolerances as set out by European criteria when compared with standards used during validation. Control charts were used to ensure all ion ratios were acceptable. The example of metronidazole is seen in Figure 2 .
Relative Retention Times (RRT)
RRTs were calculated for all fourteen analytes in this method by calculating the ratio of the retention time of the analyte over the retention time of its corresponding internal standards. The RRTs tolerance for LC-MS/MS of 2.5% was adhered to when standards were compared to samples in the validation runs. Control charts were again used to ensure all ion ratios were acceptable. The example of metronidazole is seen in Figure 3 . The typical RRT for all the analytes are shown in Table 2 .
Trueness
The trueness of the method was determined by fortifying 18 replicate feed samples on three separate days. For the eleven quantitative analytes six replicates were fortified at 100, 500, 1000µg kg -1 while the three qualitative analytes were all spiked at 100µg kg -1 for the 18 replicates. Mean corrected trueness (n=6) of the analytes, determined in the three separate validation batches, are shown in Table 2 ranging between 89.2 and 103.3 for the fourteen analytes in pig and poultry feed. No recovery was determined as the use of internal standards means that each sample is individually corrected for. 
Repeatability
(within-day) and within-laboratory reproducibility (different days and operators) were determined by calculating relative standard deviations (RSD, %) for the repeated measurements. Overall repeatability (RSD, %) and within-laboratory reproducibility (RSD, %) ranged from 4.3 to 23.3% and from 7.2 to 28.0%, respectively, for all analytes ( Table 2 ).
The usefulness of suitable deuterated internal standards is demonstrated in the acceptable results for repeatability and within-laboratory reproducibility obtained for DMZ, RNZ, IPZ and CAP. Although deuterated analogues could not be obtained by our laboratory for use as internal standards for over half of the analytes investigated, acceptable repeatability and within-laboratory reproducibility is obtained by using the d3-DMZ for MNZ, CLOP, DINIT, ETH, CAR and using sulfaphenazole for SMZ. Less favorable is the situation for SDZ. Rather high RSD values were obtained for both the repeatability and withinlaboratory reproducibility of SDZ (between 20 and 28%), even when applying correction by means of an internal standard (sulfaphenazole). This is as a result of the variability for the feed sample due to the low levels of SDZ present in the feed.
Measurement of Uncertainty
The measurement uncertainty (MU) was estimated by taking into account the within laboratory reproducibility over days 1, 2 and 3. This value was multiplied by a coverage factor of three to give an overall figure for the MU. This approach of using the within laboratory reproducibility as a good estimator of measurement of uncertainty is taken from the SANCO/2004/2726rev4 document. It recommends using the within laboratory reproducibility and using a coverage factor of 2.33 to estimate expanded uncertainty, however it was felt that not all the environmental factors that could be varied over the course of the validation were examined. Therefore a coverage factor of 2.33 may underestimate the true uncertainty of the method and instead a value of 3 was chosen to give a more realistic value for the true uncertainty. Values for MU are seen in Table 2 and lie between 24 and 84% for all the analytes.
Higher MUs are seen in some compounds with no deuterated analogues for use as internal standards which is expected. In particular the MU for SDZ (84%) is the highest observed for any of the analytes investigated due to problems with low levels of SDZ observed in the majority of feed used. This resulted in greater variability in results achieved for SDZ and in turn increased its MU.
Conclusions
The objective of this work was to develop a rapid multiclass confirmatory method capable of analysing for fourteen prohibited medicinal additives in pig and poultry compound feed at 100 µg kg -1 and to validate in such a way as to best show the method as fit for purpose. This was successfully completed to allow for the quantification of 10 analytes and qualitative analysis of 4 analytes.
The method can be considered as rapid, as it utilises an efficient extraction protocol without the use of large sample sizes, extraction volumes and SPE. It also utilises chromatography which separates all analytes in a total run time of only 26 minutes. The method permits the analysis of 14 medicinal additives in pig and poultry compound feed which has not been seen in literature before.
The obtained confirmatory criteria of ion ratios and relative retention times fulfill the requirements laid down in Commission Decision 2002/657/EC. The calculation of all relevant performance characteristics was performed during validation. This study shows that the developed method meets the desired sensitivity of 100 µg kg -1 for all the compounds. The method performs satisfactorily in terms of trueness and repeatability for each of the analytes investigated with the exception of sulfadiazine due to the utilisation of five different internal standards. The values achieved for trueness, %RSD and measurement of uncertainty all fall within acceptable ranges except for sulfadiazine. The applicability of the method for use on various types of pig and poultry compound feed was demonstrated by the satisfactory results obtained from the validation. The validation data shows that the method allows for the quantitation of 10 analytes and the qualitative analysis of 3 analytes. While sulfadiazine was validated in order to be quantified the validation results achieved were not acceptable. This is as a result of varying background sulfadiazine in the feeds that were used in validation. That said, the reduced number of analytical steps within the method makes it very amenable for high through-put regulatory monitoring of these compounds and enforcing Commission Recommendation 2005/925/EC.
The method developed in this study is an improvement on existing methods as it allows for the analysis of an increased number of analytes in this matrix. It also allows for reduced sample preparation times and solvent usage than other published methods.The objective of this work was to develop a rapid confirmatory method capable of identifying, confirming and quantifying eleven nitroimidazole compounds in egg at µg kg -1 levels and to validate according to the requirements in Commission Decision 2002/657/EC and this was successfully completed.
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The method can be considered as rapid, as it utilises only a hexane wash and omits the use of the time consuming SPE step, it also utilises chromatography which separates all analytes in a total run time of only 20 minutes. The method includes 11 nitroimidazole compounds including seven that are suggested by the CRL in Berlin to be analysed as well as other nitroimidazoles that are rarely if at all analysed such as tinidazole, ornidazole and carnidazole.
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